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ABSTRACT 
 The focus of this thesis is to assist MARFORRES G-4 in developing relevant 
measurable system attributes and corresponding value models to better articulate the 
contributions of the SMAT inspection program to the MARFORRES mission. The thesis 
developed a stakeholder-derived objectives hierarchy that reflects the SMAT inspection 
program’s role in the MARFORRES mission and identified measurable system attributes 
that evaluate the degree that the SMAT inspection program supports the MARFORRES 
mission. This in-depth examination of the SMAT operations lay the foundation for 
improving SMAT inspection program processes to achieve its overall purpose of 
increasing the MARFORRES readiness. The deliverables from the thesis are 1) a 
framework to evaluate the value of the SMAT inspection program and; 2) measurable 
attributes that describe the value of the SMAT inspection program. Stakeholders can use 
the objectives and attributes developed for the SMAT inspection program as an effective 
tool in communicating organizational goals and information requirements. In the next 
phase of the study, we recommend that the supply and maintenance rating of the 
inspected units be collected 90–120 days after inspection for further analysis of their 
performance. As more data becomes available, future researchers should reevaluate the 
value models for accuracy in describing the stakeholders’ value sense. 
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In recent years, Marine Force Reserve (MARFORRES) units’ accountability and 
readiness scores from Marine Corps audits have been declining. The MARFORRES G-4 
(Logistics Directorate), which has oversight on equipment readiness, employs the Supply 
and Maintenance Assist Team (SMAT) inspection program to gauge overall readiness and 
compliance with related orders and directives. With the growing competition for scarce 
resources, it has been an increasing challenge for the G-4 to communicate the value of the 
SMAT inspection program to the MARFORRES mission. 
Therefore, the focus of this thesis is to assist MARFORRES G-4 in developing 
relevant measurable system attributes and corresponding value models to better articulate 
the contributions of the SMAT inspection program to the MARFORRES mission. In the 
process of defining the value of the SMAT inspection program, this thesis seeks to also 
provide insights to which areas of the inspection program that G-4 can focus in order to 
improve the effectiveness of the program.  
The thesis seeks to first, develop a stakeholder-derived objectives hierarchy that 
reflects the SMAT inspection program’s role in the MARFORRES mission. Next, the 
thesis attempts to identify measurable system attributes that evaluate the degree that the 
SMAT inspection program supports the MARFORRES mission. This in-depth 
examination of the SMAT operations lay the foundations for improving SMAT inspection 
program processes to achieve its overall purpose of increasing the MARFORRES 
readiness. This thesis concludes by attempting to formulate functions that logically and 
credibly translate the SMAT inspection program measures into value models.  
The MARFORRES mission was the overarching focus for developing the 
objectives hierarchy. The overarching objective was to “Ensure MARFORRES units have 
the right types and numbers of properly maintained equipment.” The second level of the 
hierarchy was developed with the focus on MARFORRES G-4, the overarching objective 
was further decomposed into three sub-objectives 1) Improve equipment readiness; 2) 
Improve equipment accountability and; 3) Improve impact on unit processes. The third 
xvi 
level emphasized on the SMAT inspection program. The third level seeks to identify the 
key attributes (orange circles) that would be able to describe the degree to which the 
objectives are achieved. Figure 1 provides an illustration of the objectives hierarchy 
developed, the objectives (in blue boxes), 10 key attributes identified by the stakeholders 
and the associated metrics (green boxes). 
 
Figure 1. SMAT Inspection Program Objectives Hierarchy 
 
The team attempts to represent the value derived from the performance of each 
attribute with a value model. Supply and maintenance ratings of the units were plotted 
against each attribute to give the team an idea on how the shape of the value curve should 
look like. There were three main shapes that were hypothesized in this thesis 1) linear 2) 
concave, and 3) S-shaped relationships. Value models with attributes which had correlation 
of 0.5 or more with the supply ratings were developed to represent linear relationship with 
the value derived. For cases that showed little correlation, the shapes of the value curves 
were hypothesized based on the operational implications and theoretical concepts. For 
example, a concave value model is premised on the law of diminishing returns, in which 
the value derived from the inspection diminishes with every additional inspection finding 
uncovered. The S-shaped value models on the other hand were premised on the learning 
curve of the unit in which the initial slow learning results in low value derived but as 
inspection findings increases, the value derived increases quickly as the unit becomes 
xvii 
proficient in rectifying the findings. Figure 2 shows an example of the translation of data 
correlation into shapes of value models.  
 
 
Figure 2. Translation of Data Set into Value Model 
 
Conclusions and Recommendations 
In conclusion, the team was able to build a framework to evaluate the value of the 
SMAT inspection program. The team identified measurable attributes that describes the 
value of the SMAT inspection program. Stakeholders can use the objectives and attributes 
developed for the SMAT inspection program as an effective tool in communicating 
organizational goals and information requirements. The SMAT inspection team can use 
the metrics developed in this study as a guide to collect relevant information throughout 
the entire inspection cycle. In the next phase of study, we recommend that the supply and 
maintenance rating of the inspected units be collected 90–120 days after inspection for 
further analysis of the units’ performance. As more data becomes available, future 
researchers should reevaluate the value models for accuracy in describing the stakeholders’ 
value sense.  
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The focus of this thesis is to assist the Marine Force Reserve (MARFORRES) G-4 
in developing relevant measurable system attributes and corresponding value models to 
better articulate the contributions of the Supply and Maintenance Assist Team (SMAT) 
inspection program to the MARFORRES mission. In the process of defining the value of 
the SMAT inspection program, this thesis also seeks to provide insights as to which areas 
of the inspection program that G-4 can focus on to improve the effectiveness of the 
program.  
B. BACKGROUND 
MARFORRES equipment is distributed across over 200 different locations 
throughout the United States of America and Puerto Rico. In recent years, unit 
accountability and readiness scores from Marine Corps audits have been declining. The 
MARFORRES G-4 (Logistics Directorate), which has oversight on equipment readiness, 
employs the Supply and Maintenance Assist Team (SMAT) inspection program to gauge 
overall readiness and compliance with related orders and directives. However, with the 
growing competition for scarce resources within MARFORRES, it has been an increasing 
challenge for the G-4 to communicate the value of the SMAT inspection program to the 
MARFORRES mission. 
The MARFORRES G-4 has employed the assistance of the Naval Postgraduate 
School (NPS) to study and develop a set of value models for the SMAT inspection program 
to meet MARFORRES’s long-term objectives of being a prepared operational reserve. The 
thesis seeks to sharpen the critical information needed to make an informed decision on 
resource allocation for the SMAT inspection program. 
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C. PROBLEM STATEMENT 
The MARFORRES leadership are uninformed and unaware of the key operational 
factors that make the SMAT inspection program an asset to the MARFORRES mission. 
Furthermore, the command does not recognize how these factors influence the value of the 
inspection program. This thesis breaks down the problem into two components: 
1. What measurable attributes can sufficiently evaluate the degree that the 
SMAT inspection program supports the MARFORRES mission?   
2. Based in these attributes, how may the stakeholders best adapt and allocate 
resources to the SMAT inspection program as an essential element of the 
MARFORRES mission? 
D. OBJECTIVES OF THESIS 
This thesis seeks to first, develop a stakeholder-derived objectives hierarchy that 
reflects the SMAT inspection program’s role in the MARFORRES mission. The thesis then 
identifies measurable system attributes that evaluate the degree that the SMAT inspection 
program supports the MARFORRES mission. This in-depth examination of the SMAT 
operations lays the foundations for improving SMAT inspection program processes to 
achieve its overall purpose of increasing the MARFORRES readiness. This thesis 
concludes by attempting to formulate functions that logically and credibly translate the 
SMAT inspection program measures into value models.  
E. BENEFITS OF THESIS 
Relevant, defendable, traceable and repeatable evaluation:  Decision makers can 
use the set of value models developed in this thesis to make better and informed decisions. 
In particular, the in-depth study of the value models could help guide future optimization 
of the SMAT inspection program operating models.  
Appreciation for the SMAT program:  The thesis provides a defendable and 
traceable method to quantify the value of the SMAT inspection program to the 
3 
MARFORRES mission. As a result of this study, decision makers can prioritize resources 
for the inspection program and inform development of the inspection schedule. 
Application beyond MARFORRES SMAT inspection program. The methodology 
used in this thesis to develop the measures and value models have potential for use in other 
inspection programs within MARFORRES, DoD, and industry.  
F. ORGANIZATION OF THESIS 
Chapter II is a literature review of the MARFORRES mission and the SMAT 
inspection program modus operandi, characteristics of good measures of effectiveness, 
supporting theories and case studies into the shape and form of possible value models. For 
comparison, it discusses current trends in industry concerning the perceived value of an 
inspection program. Chapter III is a description of the methodology used to develop the 
stakeholder-derived objectives hierarchy with supporting measures and value models. 
Chapter IV is an analysis and justification of the value models developed. Swing weights 
are then calculated based on stakeholder inputs to formulate the final value function. 
Chapter V will conclude the thesis by outlining the SMAT inspection program objectives 
hierarchy with metrics to capture the value of the program in support of the MARFORRES 
mission and provide insights and recommendations for future studies.  
4 
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II. LITERATURE REVIEW 
This chapter discusses four main areas that the author investigated through a 
literature review. This chapter starts with an overview of the MARFORRES mission and 
SMAT inspection program. A discussion on the characteristics of good measures and 
describes a methodology to develop value models. This chapter then outlines some 
applicable theories for developing the value models with supporting case studies. Lastly, 
the research will provide an investigation into trends of client perceived value in an 
inspection program from similar industries or concept of operations.  
A. OVERVIEW OF MARFORRES MISSION AND SMAT PROGRAM 
Marine Forces Reserve Mission 
This study uses the MARFORRES mission as the overarching guidance in the 
development of the objectives hierarchy. Taken from the official website for the Marine 
Corps Reserve Forces,  
The mission of Marine Forces Reserve is to augment and reinforce active Marine 
forces in time of war, national emergency or contingency operations, provide personnel 
and operational tempo relief for the active forces in peacetime, and provide service to the 
community. Equipped and trained to the same rigorous standards as our active Marine 
forces, to include joint operations, Marine Forces Reserve will be trained and educated to 
the highest levels and provide rapid response when called upon. Marine Forces Reserve 
[MARFORRES] n.d.)   
SMAT Inspection Program Mission  
The mission of the SMAT inspection program guides the development of sub-
objectives that supports the MARFORRES’s mission. Measures will subsequently be 
evaluated the SMAT inspection program’s ability to meet these objectives. As stated from 
the Marine force orders, “The mission of the supply and maintenance analysis team is to 
conduct analyses on major subordinate commands (MSCs) to ensure Marine Corps orders, 
6 
policies and directives are adhered to in order to support accountability, readiness and 
readiness reporting to the force” (Marine Corps 2016).  
SMAT Inspection Program Concept of Operations 
MARFORRES units receive a SMAT inspection on a three-year rotation cycle. 
MARFORRES G-4 constructs teams of subject matter experts (SMEs) based on the 
inspected unit capabilities and SMAT personnel availability. The inspection is coordinated 
with the unit, and the SMAT team provides a detailed inspection performance report 
provided to the inspected unit upon completion of the inspection. The inspection team 
performs an evaluation of organizational processes of the MSCs for the purpose of 
determining the general trend of operations in accordance with the current Marine Corps 
Orders and Marine Forces Reserve policies. The primary tools for the inspection are 
standardized logistics materiel readiness checklist. Units are required to submit corrective 
action plans for identified non-compliant areas to the MARFORRES G-4 (MARFORRES 
2016).  
Understanding the concept of operations for the SMAT inspection program will 
illuminate the type and frequency of data that SMAT inspection team can collect during 
inspections. The information from past SMAT inspections sets the foundation for the 
subsequent development of the objectives hierarchy and value models. The ultimate goal 
of the SMAT inspection program is to support the MARFORRES mission, as such, the 
MARFORRES mission will be used as the guiding principle for the development of the 
objectives hierarchy while the concept of operations will be used for the development of 
value models and justification for the source and methods for data collection.  
B. CHARACTERISTICS OF GOOD MEASURES 
The INCOSE Systems Engineering Handbook (International Council on Systems 
Engineering [INCOSE] 2015) states that “Measures of effectiveness(MOEs) are defined as 
the “operational” measures of success that are closely related to the achievement of the 
mission or operational objective being evaluated, in the intended operational environment 
under a specified set of conditions; i.e., how well the solution achieves the intended 
purpose” Keeney (2009) identified three main properties of well-defined measures.  
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1. Measurability  
Keeney (2009) said that a good measure should be quantifiable, and its value is 
based on a predefined value judgement that has been agreed upon by the stakeholders. This 
minimizes the room for individual judgement and misinterpretations. It is necessary to gain 
stakeholders’ concurrence when using proxy measures. Sproles (2002) explained that 
measures must be able to be tested for evaluation of the system performance. This means 
that a measure should be measurable in order to record its performance. An example given 
by Sproles was “the amount of time delay in operations caused by lack of supplies during 
a battle.” Therefore, the measures developed in this thesis were as specific and detailed as 
possible. 
2. Operationality  
Keeney (2009) explained that a good measure should be able to accurately reflect 
the impact of achieving the measure and provide a defendable approach in collecting and 
assessing the performance of each measure. Sproles (2002) explained that measures must 
address the critical operational issues (COI), and stated that “COIs refer to those emergent 
properties that the system must have in order to perform its function.” Both Keeney and 
Sproles had similar and support descriptions for a good characteristic of a measure. Keeney 
(2009) elaborated with an example: suppose an objective was to minimize sulfur dioxide 
pollution and the measure used was “parts per million of sulfur dioxide.” Without further 
clarification, the measure would not be operational as it did not provide any indication of 
the impact of resulting from variation in the measure. Furthermore, it did not provide a 
defendable approach to collecting the data such as where and how the data would be 
collected (Keeney 2009). A better example would be less than eight parts per million of 
pollutant in water, exceeding which may cause health issues. Therefore, in developing the 
measures for the study it is important to bring in the operational context of the measure and 
the resulting impact. 
3. Understandability  
Keeney (2009) explained that a good measure should be able to accurately describe 
the consequences, if there is failure in achieving it. At the same time, it should not have 
8 
any ambiguity or information loss in interpretation between different users (Keeney 2009). 
This allows consistency in evaluation of performance and repeatability by different users. 
This also reduces the risk of misinterpretation by different users. A negative example 
would be to construct measures in terms of low, moderate, and high level. This ambiguity 
opens it up to individual interpretations and may result in inconsistencies in scoring. 
Therefore, in developing the measures for the study, the descriptions were made as clear 
and precise as possible. 
C. OBJECTIVES HIERARCHY 
Buede (2009) introduced a decision analysis approach in which objectives 
hierarchy, value curves, and weights are developed with government users. The approach 
proposes the use of an objectives hierarchy by decomposition of an overarching or 
fundamental objective into sub-objectives and into means objectives which describe ways 
to achieve improvements in the fundamental objectives. Metrics or measures are 
subsequently identified to measure the degree in which each objective is met.  
Keeney (2009) proposed that the first step when building a value model is to 
identify a set of overarching objectives for a specific decision scenario. The next step is to 
develop attributes that describe the degree to which the objectives are met. Finally, a 
general architecture is required to combine the objectives and attributes together to provide 
the decision maker with a structured approach to make complex decisions. The application 
of the objectives hierarchy is accompanied by value curves and swing weights for each 
objective. These are used as supporting tools for decision makers to evaluate between 
trade-offs. The relative importance of each objective must be discussed with the 
stakeholders and stakeholder concurrence sought. The objectives hierarchy with the value 
curves and swing weights is then used as a decision support tool in evaluation between 
alternatives. Figure 1 shows an example of an objectives hierarchy for an elevator system 
with an associated value curve for each objective.  
9 
 
Figure 1. Example Objectives Hierarchy with Associated Value Curves. Source: 
Buede (2009). 
D. SHAPES OF VALUE CURVE 
The shape of the value function can follow either a linear or polynomial 
relationship. Buede (2009) explained that there are four general forms for such value curves 
1) linear return to scale (RTS); 2) decreasing RTS (concave curves); 3) increasing RTS 
(convex curves) and; 4) S-curve. Linear curves indicate proportional returns of value 
preferences. Concave curves indicate threshold acceptance can be achieved within the key 
performance range of interest and the maximum satisfaction can be achieved. Convex 
curves indicate that threshold acceptance is beyond the key performance range of interest 
and satiation of preference has not begun. Lastly, the S-curve is a combination of both the 
increasing and decreasing curves, which suggests that the maximum and minimum 
performance preference is within the key performance range of interest. Figure 2 shows an 
illustration of the shapes of the value curves. 
10 
 
Figure 2. Common Types of Value Curves. Source: Buede (2009). 
This thesis assumed that there are three main curves that the value functions follow 
1) concave curve; 2) S-shaped curve and; 3) linear function.  
Concave curve. The concave shape of the value functions is premised on the law 
of diminishing returns where the rate of returns for the value derived from the SMAT 
inspection diminishes over the range of the attribute measure. It is reasonable to believe 
that since resources are limited (in this case, time and manpower), as more resources are 
invested, the rate of return of value diminishes once a certain point is reached. Therefore, 
the concave value curve eventually plateaus at the tail end indicating that any further 
inspection findings will not yield any additional value for the stakeholder (i.e., value 
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derived has reached its maximum). Refer to Figure 2 for the shape of a concave value 
curve.  
Law of Diminishing Returns. In the Routledge Dictionary of Economics, 
Rutherford  states that the “Law of diminishing returns is the decline in output which occurs 
as successive units of a variable factor of production are applied to a fixed factor. The most 
familiar example was the application of increasing amounts of labor to a fixed amount of 
land with the consequence that the marginal product of labor declined” (Rutherford 2013). 
This theory can be applied to the modeling of the value curve, given the limited resources 
of the SMAT inspection program, beyond the initial findings any additional findings from 
the same category of fault may yield lower returns of benefit to the unit.  
Fujitsu Laboratories Limited conducted a study to investigate the performance of 
fault prediction in large software systems. The study looked at the improvement in fault 
prediction with an introduction of a new metric, “ImpactScale,” which is the quantified 
value of change impact (Kenichi 2011). To a certain extent, the Fujitsu study is like what 
this thesis is trying to establish. Figure 3 shows the performance of fault detection based 
on two data sets (DS1 and DS2) corresponding to the inspection efforts. The X-axis 
represents the relative cumulative effort, and the Y-axis represents the fault detection rate 
at the spent effort. The relative cumulative effort is formulated based on the percentage of 
total number of lines of codes that were inspected with the number of faults predetermined 
for testing and validation purposes. The keynote to take away is the shape of the curve that 
was generated. This gives some insights to the shape of the value models for the SMAT 
inspection program as the effort can be translated to the number of inspection findings and 




Figure 3. Performance of Fault Prediction. Source: Kenichi (2011). 
S-shaped curve. The S-shape of the value function is premised on the learning 
curve and the cumulative nature of the value derived. It indicates the initial low rate of 
return from the inspection; however, the function will reach a point in which the value 
derived increases significantly and eventually diminish in rate towards the tail end. The S-
curve suggests that underlying issues may not be uncovered unless significant resources 
are invested into the inspection. The shape is formulated using the logistic function which 
will be explained in detail in the following paragraph. 
Logistic Function. A logistic function (S-shaped curve) is a function that models 
exponential growth but also considers that there is a limitation to the growth, (i.e., there is 
a maximum capacity to growth). The S-shaped curve has been widely used to describe 
growth with limiting function with a variable to describe the maximum capacity of growth 
and rate of growth at an interval. In the context to this study, the limited resources available 
would be the time and workers spent on inspection, and the return of investment would be 
the knowledge that can be gained from any inspection findings. In this thesis, the maximum 
value that can be derived from the SMAT inspection program is fixed at 10. The 
assumption made is that there is a maximum value that the stakeholder can derive from any 
inspection finding, beyond which, any additional finding will yield little or no additional 












where v(x) is the value derived across the variation of the attribute, x is the measure of the 
attribute, the letters a, b and c are constants that can be varied to match the situation being 
modeled. Constant a and b can be found using the data points that have been provided; the 
calculations can be found in the Appendix. The constant c, also known as the carrying 
capacity (max value), represents the limit to growth (Spong 2019). 
A study conducted by Air Force Institute of Technology on Learning Curve 
Analysis in Department of Defense Acquisition Programs, concluded that there is no single 
best fit function for any learning curve. Instead, it was dependent on the visual form of the 
data points available and how the curve would best describe the points with the least square 
errors. In the study, the author was able to elegantly bring out the relationship between the 
organization learning curve and its productive capacity as shown in Figure 4. The study 
translates learning as cost to the organization, and as time passes and proficiency and 
experiences improve, productivity improves. It is a good example to look at how repetitive 
coaching and inspection findings could result in better learning outcome and improve 
processes. If we can equate time to the effort and ability to discover discrepancies, the 
customer may derive value from the increase in quantity and depth of inspection findings.  
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Figure 4. Relationship of Learning Curve to Productive Capacity. Adapted from 
Elshaw et al. (2017). 
Linear function. Based on the distribution of the data points, the plot may display 
certain positive or negative relationships. Figure 5 shows some examples of scatterplots 
that exhibits perfect negative or positive linear relationship and no correlation at all. The 
correlation is defined by Pearson’s correlation coefficient, r, and is constraint from -1 to 1, 
with -1 denoting perfect negative correlation and 1 denoting perfect correlation (Statstutor 
n.d.). 
 
Figure 5. Examples of Correlations of Data Points. Source: Statstutor (n.d). 
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There are different strengths in the relationship and there are many definitions of 
the levels of strength. Table 1 shows one example (Mindrila 2013); any r greater than 0.7 
indicates a very strong relationship between the variables. In this thesis, the team decided 
that if the scatterplot was able to achieve at least a moderate relationship, then that would 
be sufficient to conclude that there is a linear correlation between the variables. 
Table 1. Levels of Strength of Correlation. Adapted from Mindrila (2013). 
Absolute Value of r Strength of Relationship 
r ≤ 0.3 None or very weak 
0.3 < r ≤0.5 Weak 
0.5 < r ≤ 0.7 Moderate 
r > 0.7  Strong 
 
E. MEASURES FROM INDUSTRIES 
Industry has performed many studies on the value of inspections and audits. There 
are several that apply to this thesis. Richard Fontaine (2013) concluded that there are six 
main factors that influence decision makers’ selection between auditing firms: 1) cost of 
engaging the service; 2) business knowledge of the auditors; 3) relationship quality 
between the client and auditor; 4) additional advice provided above the main audit; 5) the 
independence of the audit and; 6) as a source of validation for the quality of work. 
Fontaine’s study showed that although cost is an important factor, its significance is only 
amplified when the relationship quality between client and auditor is poor. This provides 
an insight to the balance between quality in service provided versus the quality in auditing. 
Figure 6 shows Fontaine’s model of client perceived value, differentiating between the 




Figure 6. Model of Client Perceived Value. Source: Fontaine (2013). 
Highlighted in green are the baseline values that any inspection program should 
deliver. Highlighted in red are the factors that influences the perceived value of an audit or 
in a sense differentiates the preference of audit companies from others. The insights gained 
can be applied to the SMAT inspection program. The cost of the inspection in this context 
is negligible as the MARFORRES units do not pay for the inspections. Other factors that 
influence the perceived value derived from the program should be explored further to 




In order to articulate the value that the SMAT inspection program provides to the 
MARFORRES mission, this thesis adopts system engineering processes and techniques to 
examine the current operational factors to determine which ones offer value to the 
MARFORRES mission. A waterfall process model was used to systematically address the 
thesis objectives. The model was chosen due to its iterative nature and continuous feedback 
that aid refinement and accuracy of the stakeholders’ objectives and measures. It was 
important to involve the stakeholder throughout the formulation process as it meant that 
stakeholder requirements were addressed. Five main steps make up the process: 1) Problem 
definition; 2) Stakeholder analysis; 3) Formulation of objectives hierarchy; 4) Value 
system design and; 5) Verification and validation. Figure 7 shows the waterfall process that 
was used in the thesis.  
 
Figure 7. Waterfall Process Model for Value System Development 
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A. PROBLEM DEFINITION – PURPOSE OF THE SMAT INSPECTION 
PROGRAM 
The SMAT inspection program is defined as the system of interest (SOI) in this 
study. The SOI’s overarching purpose is to ensure that the MARFORRES units have the 
right types and numbers of properly maintained equipment. However, MARFORRES G-4 
has been facing challenges in articulating the value of the SMAT inspection program to the 
MARFORRES leadership. The first step was to establish a clear objective of the SMAT 
inspection program that would be aligned to the mission of the MARFORRES. Every 
action thereafter is focused on a solution that is wanted by the customer. The challenge was 
to differentiate the primitive need from the effective need of the stakeholder. The primitive 
need being a want or good to have desired solution. An effective need was to address a gap 
in the current SOI. The problem definition can be approach in the following steps:   
1. To define the problem statement. The statement should address who, what, 
when, where, why and how.  
2. To identify the purpose or objective.  
3. Consider that problem from multiple angles and points of view. 
4. Proper definition of assumptions and boundaries.  
5. Seek clarification with the stakeholders to ensure that the right problem has 
been identified. 
The problem statement was defined in Chapter I as:  
“The MARFORRES leadership are uninformed and unaware of the key 
operational factors that make the SMAT inspection program an asset to the 
MARFORRES mission. Furthermore, the command does not recognize 
how these factors influence the value of the inspection program.” 
 
B. STAKEHOLDER ANALYSIS 
For any programs or system, there will usually be different groups of stakeholders 
with competing perspectives and concerns. It is important to identify and gather inputs 
from the stakeholder to continuously refine and sharpen the problem statement with 
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feedback from the stakeholders. There were multiple venues to solicit feedback from 
stakeholders and gain their buy in for the value models. First, a workshop was conducted 
to align all members on the approach and methodology to the problem definition and 
formulation of the objectives hierarchy together with the value models. Next, a study visit 
was conducted in which a research team member accompanied the SMAT inspection team 
for an onsite inspection of a Marine Reserve infantry battalion. The objective of the study 
visit was to observe and better understand the process of the inspection and to gather 
feedback on the current inspection program. Subsequent feedback was gathered through 
telecommunication and email exchanges. 
The author attempts to align the objectives with the concerns of all the stakeholders. 
Therefore, it is important to be able to identify a key value proposition that captures the 
concerns of the different groups of stakeholders. Since the MARFORRES is a mission 
driven organization, it can be assumed that the value derived from the SMAT inspection 
program should not be viewed from the perspective of cost nor revenue earned. In 
retrospective, the value of the program should be drawn from the reference to the orders 
that were discussed in Chapter II.  
C. VALUE SYSTEM DESIGN 
The next step is to develop objectives hierarchy that can be used to assess and 
evaluate the value of the inspection program. The hierarchy is a pictorial reflection of the 
needs and objectives of the critical stakeholder. At the top of the hierarchy is the effective 
need that has been identified through iterations and discussion with the stakeholder. The 
effective need is further decomposed into different sub-objectives. The objectives should 
be specific, measurable, and express a desired end state to be achieved (e.g., improve 
equipment readiness). Each objective identified is accompanied with an evaluation 
measure or metric that can be used to assess the performance or effectiveness in achieving 
the objective. The measures can be direct or proxy: direct measures focus on attainment of 
the objective, while proxy measures focus on the attainment of an associated objective. The 
measures can be classified as natural in which the measure is used commonly and 
understood by users or it can be “constructed” in which they are developed for a particular 
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objective (Hernandez, 2018). The preference would be to adopt direct and natural 
measures.  
In developing the objectives hierarchy, there is a need to ensure the completeness 
of the hierarchy and the independence of each objective and measure. The completeness of 
the hierarchy gives the assurance that the model covers all angles and perspective of the 
stakeholder and is able to reflect the true interest of the stakeholder. The independence 
reduces the reliance between objectives and measures, minimizing the overlap to keep the 
evaluation simple and results more meaningful. Interdependencies blurs the cause and 
effects influencing factors. The last step is to approximate the shape of the value curves. 
Several assumptions and definitions were made before developing the value curves. The 
definitions and assumptions are:  
1. There exist measures that can be observed to evaluate the inspection team 
contribution to the overarching objective of the inspection program.  
2. The value is defined as the anticipated improvement of the unit 90–120 days 
after the inspection. 
3. Competency of the inspection team is consistent throughout all members.  
4. All units strive to achieve the best grading for the inspection. 
5. All units have room for improvement and will gain value from SMAT 
inspection. 
In Chapter II, we discussed how the right data comparison could help in the 
understanding of how the value curve (VC) would look like. Therefore, in determining the 
shape of the value curves, supply and maintenance rating were chosen to help the team 
form an idea of the shape of the value curve. Figure 8 shows that supply and maintenance 
rating of each unit within the data set provided by MARFORRES. The ratings form the Y-
axis to represent the unit’s response to the inspection efforts. This process is iterative; in a 
situation in which the curve does not match the hypothesized shape, another round of 




Figure 8. Supply and Maintenance Rating of MARFORRES Units 
A metric with a wide range of values is generally more useful in establishing the 
shape of a value model than metrics that show little or no variation. The MARFORRES G-
4 supplied data (Figure 8) with two metrics (supply rating and maintenance rating) for nine 
units that received SMAT inspections. Maintenance Ratings were used to evaluate 
attributes that described the objective to “improve equipment readiness” and the supply 
ratings were used to evaluate the attributes that described the objective to “improve 
equipment accountability.” Figure 9 shows an example of how the data is translated into a 
value model. The left diagram shows the supply rating of a unit with the accuracy of the 
parent/ child records (main and sub-component records). In general, it exhibits a positive 
correlation. Hence, we can hypothesize based on the correlation, that the shape of the value 
model should also exhibit a positive correlation with the number of inaccuracies that the 
SMAT inspection team can uncover during the inspection visit. This result prompts the 
team to develop the value model shown on the right of Figure 9. 
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Figure 9. Translation of Data Set into Value Curve 
D. VERIFICATION AND VALIDATION 
The verification of the hypothesized shapes of the value curves requires direct input 
from the stakeholder to determine if the value models are representative of the inspection 
program’s contribution to the MARFORRES mission. The shape of each value curve must 
be defendable through one or all three means of justification: theoretical, operational and/or 
empirical. Theoretical justification is done through existing shapes such as the logistics 
curve discussed in Chapter II. Operational justification is done through the understanding 
of the operating procedure of the units and how the data is drawn and compiled. The shape 
of the value curve should make operational sense to the stakeholders to gain their support. 
Feedback from different groups of stakeholders should be gathered to verify if the shape 
of the value curve reflects how they view the inspection program provides added value to 
the unit. Lastly, empirical justification is data driven. Ideally, the ratings will be able to tell 
us the shape of the value curve as was shown in Chapter II, Figure 3 where effort in fault 
detection is plotted against fault found, which produced a concave curve.  
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IV. ANALYSIS OF RESULTS 
A. STAKEHOLDER ANALYSIS 
Results from the team’s stakeholder analysis is presented in Table 2, which shows 
the stakeholder matrix with their corresponding needs, interest and concerns, as well as 
their power of influence on the program. The power of influence of the stakeholder is 
defined in this thesis as the ability to enforce expectations on the inspection program 
(Newcombe 2003).  
Table 2. Stakeholder Matrix 






• All MARFORRES units 
to have the right types 
and numbers of properly 
maintained equipment.  
• Understand the resources needed 
to achieve the MARFORRES 
mission. 
• Optimize the use of resources to 




• Improve equipment 
readiness, accountability 
and impact on the unit 
processes. 
• Justify the resources needed for 
the SMAT inspection program to 
support the MARFORRES 
mission. 
• Differentiate the SMAT inspection 
program from the FSMAO 
program 
High 
Inspectors • Understand the areas of 
focus to optimize the 
inspections. 
• Find the areas for improvement 





• Seek assistance from the 
inspection program to 
improve processes to 
support the overall 
MARFORRES mission. 
• How will the SMAT inspection 
program add value to the 




Figure 10 is a graphical illustration of the stakeholder power/interest matrix adapted 
from Newcombe (2003). The vertical axis represents the power that the stakeholder holds, 
which is the ability to influence the program, and the horizontal axis represents the level of 
interest they have in the success of the program. The illustration is used as a visual decision 
tool to describe the level of prioritization accorded to each stakeholder. For example, the 
number one priority should be accorded to Marine Forces Reserve senior leadership as it 
holds highest level of power and interest in the success of the inspection program, which 
assist the command in ensuring that MARFORRES units have the right types and numbers 
of properly maintained equipment. With the matrix developed, the next step was to develop 
an objective hierarchy using the matrix and materials discussed in Chapter II. Stakeholders 
in the top right box of the matrix are the most critical in determining the shape of the value 
models. 
 
Figure 10. Graphical Illustration of the Stakeholder Influence and Interest Matrix. 
Adapted from Newcombe (2003). 
B. OBJECTIVES HIERARCHY 
In Chapter III, we described how an iterative development process which involved 
inputs from the various levels of stakeholders listed in Table 2 was used to develop a model 
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to measure the value of the SMAT inspection program. Inputs from the stakeholders were 
gathered through different modes of feedback sessions. At the very beginning, Dr. 
Hernandez conducted a workshop to 1) confirm the problem statement and objectives of 
the study; 2) provide an overview and explain the value modeling approach and 
methodology and; 3) seek verification and feedback on the initial objectives hierarchy 
developed. The thesis student and the stakeholders conducted further feedback sessions 
through telecommunication or emails as an iterative process to align and refine the 
objectives and goals of the SMAT inspection program in order to develop the objectives 
hierarchy. The next milestone session was an onsite visit with the inspection team that 
allowed the team to gain a better understanding of the inspection and to gather valuable 
ground feedbacks on the areas of improvement to the inspection program and how the value 
of the program may be measured. After the objectives have been determined, subsequent 
feedback sessions were all conducted through multiple teleconference and email exchanges 
to solicit inputs on the key metrics for the respective objectives identified. Based on the 
extensive discussions held with the stakeholders, the list of objectives and metric was 
developed. 
The final product developed was an objectives hierarchy shown in Figure 11. The 
overarching objective for the SMAT inspection program is to MARFORRES units have 
the right types and numbers of properly maintained equipment. The second level of the 
hierarchy was developed with the focus on MARFORRES G-4. The overarching objective 
was further decomposed into three sub-objectives and they are: 1) Improve equipment 
readiness; 2) Improve equipment accountability and; 3) Improve impact on unit processes. 
The third level emphasized on the SMAT inspection program. The third level seeks to 
identify the key attributes (orange circles) that would be able to describe the degree to 
which the objectives are achieved. Figure 11 provides an illustration of the objectives 
hierarchy developed, the objectives (in blue boxes), ten key attributes identified by the 




Figure 11. SMAT Inspection Program Objectives Hierarchy  
Table 3 summarizes the SMAT inspection program objectives and attributes 
identified by the stakeholders as shown in Figure 11 for better readability. 
Table 3. List of Objectives and Attributes 
Main objective Sub-objectives 
Attribute 
Level 0 Level 1 Level 2 
Ensure 
MARFORRES 
units have the 














1 Equipment Calibration Status 
2 Commodity Stage Status 
3 Preventive Maintenance, Checks 




4 Operational Status of Equipment 








6 Perpetual Inventory Status 
Increase Inventory 
List Accuracy 
7 Training Allowance (T/A)  
8 Proper Documentation 
9 Parent/ Child Relationship  
Improve Impact 
on Unit Processes 
Corrective Actions 
implemented 
10 Corrective Actions Implemented 
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We discussed in Chapter II that attributes have three desirable properties: 
measurability, operationality, and understandability. Table 4 describes the attributes with 
the three properties in mind. The computation will be used to measure the degree in which 
the objectives are achieved.  
Table 4. Description of Metric 







Calibration records will be 
the source of certification of 
the serviceability of the 
equipment. Improper/ lack 
of documentation will affect 
the serviceability of the 
equipment.  
It is measured as a 
percentage of all calibration 
overdue and calibration 
equipment not on the 
calibration report against the 
total equipment required for 








A commodity stage is a 
temporary storage account 
for equipment received by 
unit. Equipment should not 
be held in the commodity 
stage > 96hours. 
This is measured based on 
the total number of items left 
digitally in the units’ 










PMCS can be scheduled or 
ad-hoc maintenance request. 
Proper documentation of the 
request must be done in-
order to accurately reflect 
the readiness of the 
equipment.  
It is measured as a 
percentage of all PMCS 
overdue and PMCS 
equipment not on the PMCS 
report against the total 
equipment required to 
undergo PMCS on the 
PMCS report. 
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The modification instruction 
(MI) issue by HQ MC will 
have to be completed by a 
given period. Failing to 
comply will affect the 
readiness of the equipment.  
It is measured as a 
percentage of all 
modification instructions 
overdue against the total 










The MPR provides the 
complete history of an item 
in the maintenance cycle. 
It is measured as a 
percentage based on the 
maintenance parts 
incorrectly processed against 









The perpetual inventory is a 
digital registry of the unit’s 
equipment. Physical versus 
digital accounting will have 
to tally.  
It is measured based on the 
total errors in recording of 
the Table of Authorized 
Materiel Control Numbers 
(TAMCN) serialized items 
in perpetual inventory. 
 




A unit’s training allowance 
is the number of equipment 
given to the unit to conduct 
operational training.  
It is measured as a 
percentage of difference 
between the equipment on 
hand and equipment allowed 









A unit is required to 
document all its equipment 
holding and transactions. 
Improper documentation 
may lead to accountability 
issues.  
It is measured as a 
percentage of aged statuses 
and lonesome demands 
against the total documents 
on Due and Status File 
(DASF). 
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For some equipment there 
will be parent (main) and 
child (sub-component) 
composition. The correct 
identification of the 
relationship is important for 
accounting purposes.   
It is measured based on the 
number of incorrect 
matching of parent and child 
entities against the total 









Corrective actions are 
required to address 
inspection findings. The 
corrective action plans 
should strengthen processes 
and prevent future 
occurrence of similar issues. 
It is measured based on the 
corrective actions 
implemented against the 
total inspection findings.  
C. VALUE SYSTEM DESIGN 
The next step was to formulate a value function for each metric that reflects the 
stakeholders’ perception of the contribution that the inspection provides to the 
MARFORRES mission. As discussed in Chapter III, the team used the supply and 
maintenance rating of the units as a guide to develop the value curve shapes. Ideally, we 
would expect the value curve to follow the supply and maintenance rating curve if there is 
a correlation. When no correlation exists between the ratings and the metrics, supporting 
theories and operational behaviors would have to suffice to describe the possible 
relationship between the value function and each metric. 
There were three metrics that had good correlation with the ratings: the parent/child 
relationship metric, equipment misidentified as operational metric, and training allowance 
discrepancies metric. For the remaining metrics, there were no obvious correlations 
between the metrics and the ratings. As a result, this thesis uses theoretical and operational 
justification to approximate the shapes of the value curves.  
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1. The Ability to Capture Parent/ Child Relationship  
In this metric, the relationship describes the primary equipment and its sub-
components. Based on the empirical data, it can be observed that there is positive linear 
relationship with a correlation of 0.587 and, according the Mindrila (2013) is moderate. 
Units tend to perform better in supply ratings when the parent and child relationship are 
recorded accurately. This linear relationship helps the team form an idea of an appropriate 
value of the SMAT inspection program to the unit, in terms of reported parent/ child 
inaccuracies. The inaccuracies are calculated by subtracting accuracies from 100%. As 
such, the value function is estimated to be correlated by the curve shown on the right side 
of Figure 12. From the value function, it can be observed that there is a proportional 
increase in the value derived as the percentage of findings increases. The least value is 
where the metric score is zero and reaches a maximum value of 10 at metric score of 37.3%. 
For instance, a measure of 33.5% inaccuracies results in a value of 9. Operationally, this 
indicates that as the team discovers more inaccuracies, the greater the value the command 
receives from the inspection as a means to improve unit readiness. If the inspection team 
finds more than 37.3% inaccuracies, then the team may consider reallocation of inspection 
resources.  
 




2. The Ability to Capture Equipment Incorrectly Identified as 
Operational 
Equipment operationality reflects the unit’s readiness; therefore, it is important to 
accurately capture its status. Based on the empirical data, it can be observed that there is 
positive linear relationship with a correlation of 0.652. This linear relationship helps the 
team form an idea of an appropriate value of the SMAT inspection program to the unit, in 
terms of reported operational status of its equipment. As such, the value function is 
estimated to be correlated by the curve shown on the right side of Figure 13. From the value 
function, one can observe that there is a proportional increase in the value derived as the 
percentage of findings increases. The least value is where the metric score is zero and 
reaches a maximum value of 10 at metric score of 10.99%. For instance, a measure of 
9.89% incorrectly identified equipment as operational results in a value of 9. Operationally, 
equipment incorrectly identified as operational may also lead to serious safety 
consequences. As such, priority would be given to quickly implement the corrective 
actions; as a result the value curve quickly plateaus as the value derived from the inspection 
findings are of high value. 
 
 
Figure 13. Initial Data Distribution and Hypothesized Value Function for Equipment 
Incorrectly Identified as Operational 
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3. The Ability to Capture Training Allowance Discrepancies 
A unit’s training allowance (T/A) is the number of equipment given to the unit to 
conduct operational training. Discrepancies in T/A indicates that there may be either a 
surplus or deficit in the total training equipment assigned to the unit. Only the absolute 
value of the difference is taken in this case as the value is measured against the ability to 
capture the discrepancies and the causal factors that lead to the discrepancies. With the 
exception of one outlying point at 70% (Figure 14, red circle), one can observe that there 
is positive linear relationship with a correlation of 0.543 and, according to Mindrila (2013) 
is moderate. This linear relationship helps the team form an idea of an appropriate value of 
the SMAT inspection program to the unit, in terms of reported T/A discrepancies. As such, 
the value function is estimated to be correlated by the curve shown on the right side of 
Figure 14. From the value function, see that there is a proportional increase in the value 
derived as the percentage of findings increases. The least value is where the metric score 
is zero and reaches a maximum value of 10 at metric score of 54.4%. For instance, a 
measure of finding 50% inaccuracies during the inspection results in a value of 9. 
Operationally, this indicates that as the team discovers more inaccuracies in T/A, the 
greater the value the command receives from the inspection as a means to improve 
equipment accountability. If the inspection team finds more than 54.4% T/A discrepancies, 
then the team may consider reallocation of inspection resources. 
 
 




The following section discusses value curves that are hypothesized to have a 
concaved shape. The hypothesis was based on the concaved performance curve shown in 
the study by Fujitsu Laboratories Limited, in which the inspection efforts yields a concave 
performance of faults found (Kenichi 2011). 
4. The Ability to Capture Calibration Discrepancies 
The maintenance rating data across the metric on the left side of Figure 15 shows 
little correlation. Therefore, the team had to estimate the shape of the value function. The 
team hypothesized the shape to be concaved as shown on the right side of Figure 15. The 
hypothesis was made because it would be reasonable to expect that the value of the 
inspection should ideally increase as the inspection findings increases. The least value is 
where the metric score is zero and reaches a maximum value of 10 at a metric score of 
60%. Operationally, this indicates that if a calibration discrepancy was found at the initial 
phase, it is likely that the operator would be informed of the calibration discrepancies and 
the appropriate corrective measures. The data points seem to be concentrated before 40% 
calibration discrepancies. This could mean that as more of these calibration discrepancies 
are discovered throughout the inspection process, the added value of such findings would 
diminish. As such, the value function is estimated to be concave and plateau at a point that 
is approximated between 40% and 60%.  
 
 




5. The Ability to Capture Preventive Maintenance Checks and Services 
(PMCS) Not Completed 
The maintenance rating data across the metric on the left ide of Figure 16 shows 
little correlation. Therefore, the team had to estimate the shape of the value function. The 
team hypothesized that the value function is concave as shown on the right side of Figure 
16. The least value is when the metric score is zero and reaches a maximum value of 10 at 
a metric score of 82%. For instance, a measure of 60% PMCS not completed results in a 
value of 9. Operationally, it is assumed that maintenance tasks are routine operations which 
are straight forward and have well-established processes. Therefore, any inspection 
findings that capture PMCS not completed would add value by allowing the unit to narrow 
down on the causal factors that led to the discrepancies. As such it would be reasonable to 
expect that the value function has a positive relationship with metric. At the initial phase 
PMCS not completed would add more value as it narrows down the causal factors allowing 
the unit to make the necessary corrective actions. The data points seem to be concentrated 
before the point of reaching 60% of equipment PMCS incomplete. This could mean that as 
more incomplete PMCS are discovered throughout the inspection process, the added value 
of such findings would diminish if the percentage is more than 60%. As such, the value 
function is estimated to be concave and reaches a plateau at a point that is approximated to 
be between 60% and 80%. 
 
 




6. The Ability to Capture Inventory Documents with Discrepancies 
The supply rating data across the metric on the left side of Figure 17 shows little 
correlation. Therefore, the team had to estimate the shape of the value function. The team 
hypothesized that the value function is concaved as shown on the right side of Figure 17. 
The least value is at metric score zero and the maximum value is 10 at metric score of about 
65%. A unit is required to document all its equipment holding and transactions. Improper 
documentation may lead to accountability issues. Document discrepancies are indicative 
of administrative lapses in processes that are usually repetitive and binary in nature. 
Operationally, once a unit identifies such administrative lapses, the lapses can be corrected 
by making changes in administrative processes or providing training to the administrative 
staff. As such, the ability of the unit to increase the inventory list accuracy should increase 
with the percentage increase in document discrepancies found. More data would be needed 
to determine the exact shape of the value function with respect to the percentage of 
document discrepancies found. The added value of finding such administrative lapses does 
not increase after a certain point as corrections to the processes would have eliminated the 
discrepancies. The plateau point is estimated at about 65%.  
 
 




The following value curves were modelled to follow an S-shaped value function, it 
is premised on the unit’s learning ability and the cumulative nature of the value (Elshaw et 
al. 2017).  
7. The Ability to Capture Commodity Stage Discrepancies 
The supply rating data across the metric on the left side of Figure 18 shows little 
correlation. Therefore, the team had to estimate the shape of the value function. The team 
hypothesized that the value function follows an S-shaped curve shown on the right side of 
Figure 18. The least value is at metric score zero, and the value starts to plateau about 
metric value of about 280 items. A commodity stage is a temporary storage account for 
equipment received by the unit. As a process, units should not hold incoming equipment 
in the commodity stage (digital storage bin) for more than 96 hours. It was noted that there 
are concentrations of the supply rating data points in two locations, less than 100 items and 
more than 200 items. No conclusion can be made at this point until more data are collected 
for further analysis. However, this helps the team to form an idea that the added value is 
high for discrepancies of more than 200 items. Operationally, this indicates that small 
numbers of discrepancies could be a result of minor administrative delays that have 
minimum impact to the readiness of the unit. On the other hand, large numbers might be 
indicative of an underlying issue affecting the logistic performance of the unit. Further in-
depth investigation through the assistance of the SMAT inspection program may allow the 
issue to surface, hence will be of great value to the unit.  
 
 
Figure 18. Initial Data Distribution and Hypothesized Value Function for Commodity 
Stage Discrepancies 
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8. The Ability to Capture Maintenance Progress Report (MPR) 
Inaccuracy 
The maintenance rating data across the metric on the left side of Figure 19 shows 
little correlation. Therefore, the team had to estimate the shape of the value function. The 
team hypothesized that the value function follows an S-shaped curve shown on the right 
side of Figure 19. The least value is where the metric score is zero and maximum value of 
10 at metric score of 55%. The MPR provides the complete history of an item in the 
maintenance cycle. At low percentages of MPR inaccuracies, it is hypothesized that 
inaccuracies might be due to administrative delays in updates to the report. This would 
mean that the impact to equipment readiness is low and can be quickly corrected. 
Therefore, the added value would correspondingly be low. Large numbers of MPR 
inaccuracies would indicate that the units’ equipment operational availability is greatly 
affected and may have serious issues in the maintaining the equipment. Lapses in 
maintenance regime also has safety implications, hence the significant increase in the value 
derived from the inspection findings. The team hypothesize that 20% MPR inaccuracy is a 
reasonable point where the added value increases significantly and added value starts to 
plateau at about 50% MPR inaccuracies.  
 
 




9. The Ability to Capture Perpetual Inventory Errors 
The supply rating data across the metric on the left side of Figure 20 shows little 
correlation. Therefore, the team had to estimate the shape of the value function. As such, 
the team hypothesized that the value function follows an S-shape curve shown on the right 
side of Figure 20. The least value is where the metric score is zero and maximum value of 
10 at metric score of 260 perpetual inventory errors. The perpetual inventory is a digital 
registry of the equipment that is held by the unit. The TAMCN is an identification number 
that is assigned to every equipment. An error in the number would mean accountability for 
equipment such as weapons or sensitive items are affected. The inaccuracy of TAMCN 
hinders the unit’s ability to ensure it has the right types and numbers of properly maintained 
equipment. At low levels of perpetual inventory errors, it is likely that the impact to the 
overall equipment accountability is low; therefore, the added value of finding such errors 
would be low too. The added value would be high for large numbers of inventory errors 
such as TAMCN errors if found as this would be indicative of underlying process issues 
that needs to be address swiftly and effectively. The team hypothesized that 50 items with 
perpetual inventory errors is a reasonable point where the added value increases 
significantly and added value starts to plateau at about 250 perpetual inventory errors.  
 
 




D. ELICITING VALUE WEIGHTS 
The final step in value modeling is to develop an aggregate function that can be 
used to measure the total value of the SMAT inspection program to the MARFORRES 
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=
= =∑  (2) 
where u(x) is the overall value of the program, and ki is the weight of ith measure, vi(xi) is 
the derived value of ith measure, and xi is the measured attribute. The scaling constants are 
developed based on the relative importance and range variation of each measure as shown 
in Figure 21.  
 
Figure 21. Assignment of Swing Weights  
The assignment of relative importance to each measure is based on the inputs from 
the stakeholder in MARFORRES G-4 directorate, while the range variation is measured 
using collected data from pass inspection results. Shown in Table 5 are the original swing 
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weights and the normalized weights (measure weights). The measure weights are 




SwingMeasure weight =  (3) 
An illustrative sample calculation for measure weight using the data from Table 5 follows: 
 
 7Parent/Child relationship issue, measure weight = 0.1
69
=   
Table 5. Computation of Swing Weights and Measure Weights 
Metric Swing Weight Measure weight 
Calibration Discrepancies 10 0.14 
Commodity Stage Discrepancies 8 0.12 
PMCS Not Completed 8 0.12 
Equipment Misidentified as Operational 3 0.04 
MPR Inaccuracy 7 0.1 
Perpetual Inventory Errors 8 0.12 
T/A Discrepancies  9 0.13 
Documents with Discrepancies (DASF) 9 0.13 
Parent Child Relationship Issues 7 0.1 
Total 69 1 
 
The final step is to assign a meaning for the value score in terms of MARFORRES 
mission. The levels of performance shown in Table 6 were referenced from the existing 
U.S. Army personnel readiness assessment level definition (Usrey 2014). The measure is 
divided into four levels, Level 1 representing the highest attainment of supporting the 
MARFORRES mission while Level 4 being the least contributor. The levels will be used 
to evaluate the effectiveness of the SMAT inspection program in supporting the 
MARFORRES mission. The team adopted and adapted this measure of performance from 
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the U.S. Army readiness assessment, which was a helpful reference in rebuilding military 
readiness according to the United States National Defense Strategy (Department of 
Defense [DoD] 2018). This scoring table further reinforced the idea that unit readiness 
plays an important role in measuring the value of the SMAT inspection program.  
Table 6. Measure of Performance for Value Function. Adapted from Usrey 
(2014). 
Value to Unit 
Mission 
Value Score Color 
Code 
Definition 
1 10 – 8 points  
Has significant impact towards supporting 
the MARFORRES mission. 
2 8 – 6 points  Has considerable impact towards supporting the MARFORRES mission. 
3 6 – 5 points  Has limited impact towards supporting the 
MARFORRES mission. 
4 
5 points and 
below  
Has negligible impact towards supporting 
the MARFORRES mission. 
 
E. EVALUATION OF CURRENT SMAT INSPECTION PROGRAM 
The final step is to compute the total value of the current SMAT inspection program 
based on the developed value functions. In this step, the inspection findings of each unit 
were translated into value scores using the value functions developed in Chapter IV, 
Section C. The raw value scores (RVS) were then converted to weighted value scores 
(WVS) to reflect its level of importance to stakeholders. The total value score is computed 
based on equation (2). Table 7 shows the computation of the value scores. The units of 
measure for the raw measures are omitted to avoid any security concerns. The color codes 
provide the G-4 an idea on which SMAT inspection areas to focus to improve the 
program’s value proposition. 
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Table 7.  Value Score for Sample Units 











  RVS WVS RVS WVS RVS WVS RVS WVS RVS WVS RVS WVS RVS WVS 
A 9.10 1.27 9.89 1.19 9.17 1.10 5.57 0.22 0.76 0.08 9.91 1.19 10.00 1.30 
B 8.35 1.17 0.12 0.01 8.81 1.06 9.00 0.36 0.17 0.02 0.47 0.06 8.32 1.08 
C 4.34 0.61 0.45 0.05 3.83 0.46 10.00 0.40 0.37 0.04 0.59 0.07 6.17 0.80 
D 4.15 0.58 0.17 0.02 3.95 0.47 10.00 0.40 0.95 0.10 5.72 0.69 10.00 1.30 
E 10.00 1.40 0.45 0.05 8.51 1.02 1.68 0.07 10.00 1.00 1.00 0.12 8.05 1.05 
F 9.39 1.32 9.00 1.08 10.00 1.20 5.70 0.23 3.10 0.31 0.73 0.09 8.59 1.12 
G 5.73 0.80 0.15 0.02 5.21 0.63 2.47 0.10 1.00 0.10 0.44 0.05 9.00 1.17 
H 5.76 0.81 0.37 0.04 4.72 0.57 6.90 0.28 0.18 0.02 0.71 0.09 2.68 0.35 
I 10.00 1.40 0.19 0.02 8.55 1.03 4.79 0.19 1.76 0.18 0.62 0.07 10.00 1.30 
(Table Continued) 
Units Documents w Discrepancies 
Parent / Child 
Relationship Issues Achieved Value Score 
Unit’s Rating Value to Unit 
Mission  
  RVS WVS RVS WVS Supply Maintenance 
A 4.98 0.65 6.04 0.60 7.60 0.84 0.54 2 
B 8.31 1.08 10.00 1.00 5.83 0.83 0.67 3 
C 6.98 0.91 4.13 0.41 3.75 0.77 0.73 4 
D 8.84 1.15 8.32 0.83 5.54 0.69 0.57 3 
E 5.75 0.75 9.00 0.90 6.36 0.54 0.50 2 
F 8.67 1.13 8.75 0.87 7.34 0.50 0.46 2 
G 2.35 0.31 7.98 0.80 3.97 0.48 0.44 4 
H 5.48 0.71 10.00 1.00 3.86 0.42 0.32 4 
I 7.15 0.93 10.00 1.00 6.12 0.30 0.27 2 
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Since value is defined as the anticipated improvement of the unit post inspection, it 
would be logical to expect that the inspection program’s value score would be higher for 
units that have lower supply and maintenance ratings. For example, Unit F had a poor 
performance in both its supply and maintenance rating. As such, it would be logical to 
expect that during the inspection, there would significant number of findings made by the 
inspection team. The findings would be able to help the unit identify its areas of 
improvement and therefore, be of greater value to the unit. As a result, we would expect a 
high value score. This explanation is consistent with the calculated values in Table 7.  
It is reasonable to expect that the value models from the limited data sets provided 
to the study team will be imperfect and require refinement. We observed that the value 
score generally follows the pattern discussed in the previous paragraph with some 
exceptions. For example, Unit A has a relatively high value score, although it has high 
supply rating. Unit H has fairly low value score yet has a poor supply and maintenance 
ratings. Due to the limited data in this study, the exact explanations for the behavior are 
not available and indicates an area to continue to explore. The value models were presented 
to G-4 and received initial agreement with an understanding that we need to perform 
validation when data is available. 
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V. CONCLUSION AND RECOMMENDATIONS 
A. CONCLUSIONS 
Value function. The thesis used a sound framework to model value. In so doing, 
the team produced a relevant, defendable, traceable and repeatable means to evaluate the 
degree to which the SMAT inspection program contributes to the MARFORRES mission. 
As a result, the MARFORRES G-4 will be able to articulate the value of the SMAT 
inspection program with a relevant, defendable, traceable and repeatable evaluation 
methodology. The value can be articulated with the equation shown below.  
1
1
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N
n i i i
i
u x x k v x i N
=
=∑  
Communication tool. Stakeholders can use the objectives and attributes developed 
for the SMAT inspection program as an effective tool in communicating organizational 
goals and information requirements. The SMAT inspection team can use the metrics 
developed in this study as a guide to collect relevant information throughout the entire 
inspection cycle. MARFORRES can use the objectives hierarchy to align MSCs to the 
overarching objective and MARFORRES mission. At the same time, this study shows the 
relative importance of the SMAT’s inspection attributes, which support the MARFORRES 
mission. 
Relevant and Transferrable Initiative. As the defense strategy shifts towards 
improving equipment readiness (DoD 2018), the role and importance of the SMAT 
inspection program increases. Therefore, it is important to reexamine the program and 
implement any necessary changes to better support the strategy. This study helps 
MARFORRES G-4 understand the attributes of the program on which to focus, and the 
potential areas for reallocation of resources.  
Value proposition. The unique value proposition of the SMAT inspection program 
is that it is composed of various SMEs with many years of experience in different 
disciplines. Furthermore, the rotational nature of the inspections means that the inspection 
teams visit all the MSCs of MARFORRES in a recurring cycle. This allows the program 
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to interact with all levels of command, from the individual Marines in units all the way up 
to management, which means its spectrum of influence is wide and far-reaching. In Chapter 
II, it was discussed that there was a shift in client perceived value of an inspection. Fontaine 
(2013) found that auditor-customer relationship was an important factor to improve the 
perceived value that the inspection provided. This is a valuable insight; the SMAT 
inspection program should strengthen its auditor-customer relationship strategy to 
differentiate itself from other inspection programs. The team recommends that 
MARFORRES G-4 start to build this unique value proposition of the SMAT inspection 
program and develop a metric that captures it. A possible metric could be the form of 
implemented corrective actions by the MSCs post-inspection.  
B. FUTURE WORK 
Increasing data points and refinement of value function. The limited data set 
made empirical analysis difficult. Consequently, the team developed value models based 
on operational functions and theoretical references. More data need to be collected to better 
understand, validate, and refine the shape of the value models. Regardless, the G-4 should 
continue to refine and examine the value functions to accurately reflect the value of the 
SMAT inspection program to the MARFORRES mission.  
Type of data to be collected. The next phase of the study should focus on 
collection of post inspection data. The data set to approximate the value curves was pre-
inspection data. Post-inspection data should be collected at fixed intervals over a period of 
one year to examine the effects of the SMAT inspection. 
Expansion of 3rd sub-objective. Focusing on the auditor-customer relationship is 
an increasing trend in the commercial auditing industry. This trend is also relevant in the 
context of SMAT inspection program and should be given additional emphasis for 
development. During the development of the objectives hierarchy, the third sub-objective 
was identified to be “improve impact on the unit processes”; this is a promising start as it 
shows the recognition of the importance in the “soft” aspect of inspections. In the next 
phase of the study, the measure of the third objective should be further developed to better 
capture the intangible benefits and value of the SMAT inspection program. 
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Expanding the scope of stakeholder analysis. In this thesis the team had 
conducted stakeholder analysis on four main groups 1) MARFORRES Command; 2) 
MARFORRES G-4; 3) SMAT inspectors and; 4) MSCs. The analysis could be expanded 
to include MARFORRES Inspector-Instructor cadre (I-I cadre,) who minister the Marine 
credo and expertise to reserve units (Hernandez and Spence 2019) and the reservist 
personnel to gather feedback on the program. This will aid MARFORRES G-4 gain a better 
understanding of the concerns and needs of its customer and possibly reorganize the 
inspection program to better address the concerns and needs.  
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As an example: 
We assign (x1, y1) = (0.1, 9), (x0, y0) = (0, 0) 
















The concave curve is assumed to follow the function:  
yi = a*ln(xi) + b 
 
As an example: 
We assign (x1, y1) = (0.1, 1), (x2, y2) = (0.6, 9) 
Therefore, we can form 2 equations 
9 = a*ln(0.6) + b … (1) 
1 = a*ln(0.1) + b … (2) 
 
Solve the equations simultaneously to get constants a and b. 










(x0, y0) (x1, y0) 
a: rate of growth 
b: constant to shift the curve 




The S-shaped curve is assumed to follow the function:  







As an example: 













 … (2) 
 
Solve the equations simultaneously to get constants a and b. 
For this example: a = 21.674, b = 1/6561 
  
a: rate of growth 
b: constant to shift the curve 
to start at zero. 
c: carrying capacity (growth 
limit) 
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